Guanosine 
Full understanding of the mechanism by which guanosine triphosphate is hydrolyzed in the presence of ribosomes and the protein factor elongation factor G (EF-G) requires knowledge of the composition of the proteins, involved in EF-Gmediated guanine nucleotide binding. One approach is to remove proteins from the ribosomes selectively by washing with salt and to test the resulting ribosomal "core" particles for their ability to hydrolyze GTP. Loss of GTPase activity of the "cores" is correlated with the "split" proteins (1) (2) (3) . With this method, however, it is difficult to distinguish a direct from an indirect effect regulating the GTPase activity.
To overcome this difficulty, we attempted to locate the proteins of the GTPase site by a direct chemical approach, i.e. by photo-affinity labeling. We used the compound GDP, tritiated in the guanine moiety and esterified with the photolabile 4-azidophenol at the a-phosphate group ([3H]APh-GDP).
Our results indicate that in the presence of fusidic acid, which is known to stabilize the ribosome-EF-G-GDP complex (4), APh-GDP binds at the GDP-binding site of Escherichia coli 50S ribosomes, as judged by the inhibition it exerts on the ribosomal GDP binding.
Upon UV-irradiation of the 50 S-EF-G-[3H]APh-GDPfusidic acid complex, [3H]APh-GDP reacts selectively with proteins L5, L11, L18, and L30. In addition, after irradiation the amount of L16 in the ribosomes is greatly reduced.
MATERIALS AND METHODS
EF-G and ribosomes of E. coli MRE 600 were prepared and purified as described (3 (5) . A general outline of the synthesis of APh-GDP is given in Fig. 1 .
4-Azidophenol was prepared according to the method described for 2-azidophenol (6).
4-Azidophenylphosphoric Acid. One and a half grams (13 mmol) of 1,4-diaza-[2,2,2]-bicylooctane dissolved in 25 ml of dry 1,2-dimethoxyethane, was reacted with 0.4 ml (4.2 mmol) of freshly redistilled POCl3 for 1 hr at ambient temperature, after which a solution of 145 mg (1 mmol) of 4-azidophenol in 5 ml of dry 1,2-dimethoxyethane was added under vigorous stirring. After being held overnight under constant stirring, the reaction mixture was evaporated to dryness. The residue was dissolved in 5 ml of ice-cold water. Ion-exchange chromatography on Dowex 50W-X8 gave a solution of 4-azidophenylphosphoric acid, which upon evaporation under reduced pressure gave the crystalline compound. Yield: 250 mg (1 mmol). Proton magnetic resonance and infrared data were in agreement with the assumed structure.
APh-GDP was synthesized in a way similar to that described for the 4-nitrophenylester of ATP (7) . The use of [3HJGMP gave [3HjAPh-GDP with a specific activity of 5 mCi/mmol. APh-GDP was identified as follows:
(1) High-voltage paper electrophoresis gave a single photolabile spot, RF = 0.98 (RF of GMP = 1.00, RF of 4-azidophenylphosphoric acid = 1.30, RF of GDP = 1.11). APh-GDP was completely free of GDP.
(2) Incubation with snake venom phosphodiesterase gave GMP and 4-azidophenylphosphoric acid, as shown by highvoltage electrophoresis.
Incubation with alkaline phosphatase gave no reaction, whereas incubation with snake venom phosphodiesterase and alkaline phosphatase produced 4-azidophenol and guanosine.
Concentrations of APh-GDP in solutions were determined by measuring the A260. The molecular extinction coefficient was assumed to be 2.2 X 104, being the sum of the extinction coefficients of GMP and APhPh.
Irradiation Experiments were carried out at 00 with a Philips SP500W superhigh-pressure mercury lamp equipped of 50S ribosomes and 420 pig of EF-G in 1.2 ml of buffer [10 mM Tris * HC (pH = 7.4), 10 mM Mg (OAc)2, 10 mM NH4-Cl, 1 mM dithiothreitol] both with and without 3 mM of fusidic acid. After addition of 300 nmol of [3H]APh-GDP, the mixture was incubated for 5 min at 0°, after which it was irradiated for 30 min. Addition of [3H]APh-GDP and irradiation were repeated four times. The ribosomes were pelleted by high-speed centrifugation. Ribosomal protein was extracted according to Hardy et al. (8) and identified by twodimensional gel electrophoresis essentially according to Kaltschmidt (9) with the modification that in the second dimension N,N'-diallyl tartardiamide was used as crosslinker (10) . Protein spots were cut out, dissolved in 2% NaIO4, decolorized by UV-irradiation, and counted in Instagel (Packard).
Fusidic Acid-Mediated GDP Binding in the presence of variable amounts of APh-GDP was measured according to Bodley et al. (11) , with the modification that ribosomes were preincubated for 5 min at 00 with APh-GDP, followed by 5 min of incubation with [3H]GDP. RESULTS APh-GDP Binding. As shown in Fig. 2 , APh-GDP inhibits the fusidic acid-mediated GDP binding, the inhibition being Irradiations. Irradiation of [3H]APh-GDP in the presence of fusidic acid leads to a tritium distribution over the ribosomal proteins, as shown in Fig. 3 (left) . Fig. 3 (right) shows the radioactivity distribution obtained in the irradiation experiment without fusidic acid. It should be noted that in both cases the proteins remaining near the origin in the second dimension of the gel (i.e., L1, L3, L4) show a high tritium incorporation. This is due, however, to an even spread of radioactivity around the origin, since the region without protein in the neighborhood of the origin contains about the same radioactivity (not shown). The high tritium level possibly arises from polymers of [3H]APh-GDP formed upon irradiation. Such polymers are probably produced in the same way as those formed during phenyl azide photolysis (12) . Presumably, the polymers of APh-GDP contain a negative diphosphate and a positive amine group per repeating unit. A plot of the difference in tritium incorporation for each of the extracted proteins after irradiation of the mixture with and without fusidic acid gives the radioactivity distribution shown in Fig. 4 . In the presence of fusidic acid a significantly higher tritium level is found in proteins L5, L11, L18, and L30. On the other hand, protein L13, although highly labeled, showed about the same amount of radioactivity in the absence of fusidic acid.
Visual inspection of the two-dimensional electrophoresis pattern of the 50S ribosomal proteins after irradiation in the presence of fusidic acid shows a notable decrease in dye intensity at the position of L16 (not shown). However, significant amounts of tritium were not detected in the small amount of residual L16. In addition, the spots corresponding with L5 and L11 became more diffuse. The controls, in which either fusidic acid or EF-G were omitted from the irradiation mixture, gave the normal 50S ribosomal protein pattern in the two-dimensional electrophoretogram.
DISCUSSION
The fact that APh-GDP inhibits the fusidic acid-stabilized GDP binding to 50S ribosomes, indicates that APh-GPD binds at a site normally occupied by GDP. Long-wavelength irradiation (X > 330 nm) of APh-GDP produces a nitrene, probably in the singlet state (12) (13) (14) . These singlet nitrenes have the advantage of being highly reactive in insertion reactions (Fig. 5) . Upon photolysis of the fusidic acid-stabilized 50S-APh-GDP-EF-G complex, the nitrene formed will react with chemical bonds in its direct neighborhood. Migration which will scavenge the nitrene, thps excluding "pseudo photo-affinity labeling" (15) . The effect of fusidic acid on the labeling pattern also argues against the occurrence of this type of labeling. Insertion of the nitrene from APh-GDP generally introduces one extra negative charge in a protein (Fig. 5) . Most likely this modification will not greatly affect the electrophoretic mobility, as shown, for instance, by the influence on the behavior in two-dimensional gel electro- The fusidic acid-dependent radioactivity incorporation from ['HJAPh-GDP in the 50S ribosomal proteins, obtained by subtracting the radioactivity distribution in the irradiation experiment without fusidic acid (Fig. 3, right) from the radioactivity distribution in the irradiation experiment with fusidic acid (Fig. 3, left) . phoresis of fluoresceine isothiocyanate labeling of ribosomal proteins (16) . Presumably, the labeled proteins therefore migrate with the unlabeled ones in two-dimensional gel electrophoresis.
The fusidic acid-dependent incorporation of radioactivity into L5, Lii, L18, and L30 correlates well with the known role of these proteins in ribosomal processes. Our findings strongly support the biological relevance of the report by Horne and Erdman (17) that a protein-5S RNA complex from E. coli (containing L18, L25, and, in smaller amounts, L5, L20, and L30) possesses GTPase activity.
Lii is implicated in the peptidyl transferase step (18) and L16 in the aminoacyl-tRNA binding (19) . These APh-GDP (R-N3). In the left reaction path, the nitrene is inserted into an ordinary C-H bond of a protein, resulting in a covalent attachment of the photo-affinity label to the protein.
In the right reaction path, the insertion takes place in a C-H bond next to a peptide bond. The resulting compound, containing an aminal function, is hydrolyzed, giving rise to a cleavage of the protein into an amide and a ketone. 30 teins seem to be neighbors (18, 19) . Several reports also suggest that the aminoacyl-tRNA binding site and the EF-Gdependent guanine nucleotide binding site are near one another (20, and references cited there). The reaction of L11 and L16 with APh-GDP indicates that the GTPase site, the aminoacyl-tRNA binding site, and the peptidyltransferase center may form an integrated functional unit on the 50S ribosome. The significance of the fusidic acid-independent incorporation of radioactivity into L13 remains obscure. The high degree of label incorporation argues against a nonspecific labeling. In all likelihood, the GDP derivative first binds to L13, at a position not influenced by fusidic acid. Next, the APh-GDP may migrate to the GTPase center, where it is stabilized by fusidic acid.
The reason for removal of L16 from the ribosome after irradiation of the fusidic acid-stabilized 50S-APh-GDP-EF-G complex is obscure. The reduced amount of L16 may be an indirect effect, e.g., a weakening of the L16 binding to the ribosome. More likely, a hydrolytic cleavage of the protein has taken place at the a-carbon of a peptide bond, a reaction induced by nitrene insertion (Fig. 5 ). This type of insertion reaction, although less frequent due to its special spatial requirements, seems to have a high efficiency; this is in analogy with the a C-H bonds in alcohols in which insertion efficiencies can reach 80% (12) .
The GDP derivative described in this paper offers possibilities for the investigation of other reactions in which guanine nucleotides are involved. In addition, by a similar route, ATP esterified with 4-azidophenol can be synthesized for elucidation of the mechanism underlying ATPase reactions in biological systems (e.g., muscles). Note Added in Proof. 70S ribosomes gave, on irradiation, an identical labeling pattern with respect to the large subunit proteins with the only exception that the amount of labeling of L30 was reduced. No significant labeling of 30S proteins was observed.
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